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Buxopucrano MeToa BUSHAYEHHS CTAIUX NMOIIMPEHHS MJIAHAPHUX XBUJIEBOAIB 32 HasfAB-
HOCTi 30ypeHHsI JieeKTPHYHOI MPOHUKHOCTI. MeTo IPYHTYEThCH Ha NMpeACTABJIEHHI MOJs
30ypeHoro XBWJIEBOAY y BHIJIAL JiHilHOI KomOiHanii moJiiB He30ypeHOro XBMJIEBOAY 3
aeakuMu koedinientamu. IlpoBeneHo po3paxyHKHU A XBHJIEBOAIB, sIKi He BILIMBAIOTH Ha
BUIIPOMiHIOBaHHSI (IAaCHBHI), MOIJIMHAKTL YU NiICWIWKITH ¥ioro (akTushi). I{s Teopis €
HA0JIMKEHO0I0, KOJIU BPaX0BYIOTHCA JIMIIIE HANPaBJeHI MOIU, TPOTe MOkKe OYTH TOYHOI0, KOJIH
HeMa€ B3a€MOJII Misk MoJaMH.

Karo4oBi cjoBa: mincuiieHHs, HaANpaBJeHa MOAA, JieJeKTPUYHA MPOHUKHICTD, NMJIaHap-
HMii XBHJIEBil, cTaJa MOMIMPEHHS.
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One of the important tasks today in the field of communications and information
technologies is the ability to provide high-speed data transmission using fiber-optic
communication lines. The presence of existing homo- and heterostructures in semiconductor
lasers cannot implement this task due to the fact that at high-frequency modulation these
structures generate a large number of modes, i.e.,, wavelengths. As an alternative, distributed
feedback lasers (DFB lasers) are used which active medium is similar to a waveguide that
includes a periodic structure, namely a grating. A waveguide indicates that active layer has
greater refractive index than layerssurround it. In agrating which is formed at layer interface
of structure, Bragg reflection occurs providing singleemode generation in spite of spatial
failure dueto a standing wave in active medium.

Asto thetheory of distributed feedback lasers, it is well developed and studied when first
order Bragg conditions are carried out. Instead, there is another situation for higher order
Bragg conditions (second, third). In particular, the theory for analysis of waveguide lasers to
satisfy second order conditions is described, but it is only applied to active waveguides with
surfacerelief gratings; in addition, representation of the fields in active waveguide is not quite
complete. Also, the fields are not sufficiently presented for waveguides with bulk gratings
resulting radiation is expected only from waveguide top, but at small angles to the axes x (i.e.,
almost perpendicular to awaveguide) and z (beam generated is propagating in a substrate) it is
not provided by the theory. Thetheory of propagation of plane only reflective wave in periodic
medium with gain and without it is worked out, and generation conditions at implementation
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of second and higher order Bragg conditions are obtained. But there is no possible to use this
theory directly for waveguide DFB lasers because it is not clear how fields and waveguide
mode constants of planar waveguides are calculated.

Therefore, the aim of this work is a usage of method to find propagation constants of
waveguide modes at perturbation presence which is determined by change of waveguide
permittivity during pumping. This method is based on fact that field of unperturbed
waveguide is represented as linear combination of unperturbed waveguide fields with
coefficients which depends on coor dinate along which waveguide modes propagate. As a result,
systems of second order differential equations are obtained. In this paper, both passive
(per mittivity €(x) is a real function) and active (g(x) becomes imaginary values) waveguides
without grating in a structure are considered. Using both the perturbation method and
approach based on Fourier transform, symmetric and asymmetric waveguides are analyzed,
and propagation constants of guided modes are found. Good coincidence of results obtained by
these methods is observed. Differenceis only in last digits of propagation constants; it appears
due to rounding. Theory used is approximate because only guided modes are taken into
account, but it can be accurate when there is no interaction between modes of unperturbed
waveguide.

Key words: gain, guided mode, per mittivity, planar waveguide, propagation constant.

Beryn. OpnuM 13 BaXJIMBHX 3aBJIaHb CHOTOJICHHs y cdepi KOMyHIikaliii Ta iHdopmamidiHuX
TEXHOJIOTIH € MOXJIMBICTh 3a0€3MeUeHHS BHUCOKOI MIBHUIKOCTI INEpeaaBaHHS MaHUX 3 BHKOPHCTAHHSIM
BOJIOKOHHO-ONTHYHKX JTiHIA 3B’s3ky (BOJI3). HasBHICTH iCHYFOUMX TOMO- Ta TETEPOCTPYKTYp Y
HaIIBIPOBITHUKOBHX Jia3epaX HE Ja€ 3MOIM peali3yBaTH I[I0 3aJady y 3B’A3Ky 3 THM, IO 3a
BHCOKOYACTOTHOI MOAYJIALIT TaKi CTPYKTYPH Te€HEPYIOTh BEIHKY KUTBKICTh MO, TOOTO JJOBXKHH XBHIIb. SIK
albTEPHATUBY BHKOPHCTOBYIOTH JIa3epH 3 PO3MOAUICHUM 3BOPOTHUM 3B’si3koM (P33-maszepm), akTuBHE
CepeloBHIIE SIKMX Harajlye XBHJICBIN, B SKHM BXOAWTh NEpioAWYHA CTPYKTypa, a came rpatka [l].
XBUWIIEBI/I BKa3y€e HA Te, IO aKTUBHUH IIap Ma€e OUTBIINI MOKa3HUK 3aJIOMJICHHS, HI’K HABKOIIUIIIHI [IapH.
UYepes mMany TOBIIMHY aKTHBHOTO IIapy TEHEPYETHCS 00OMEXeHa KUTbKICTh HalpaBlIeHnX MoJl. Bonu mobpe
JIOKAJTI30BaHi 3aBASKH BEIWKIH Pi3HUII MMOKa3HUKIB 3aJIOMJIICHHS, THM CAMHUM 3MEHIIYIOTHCS PO3IOLICHI
BTpAaTH B Ja3epi. B rpartiii, ska GopMyeThCsl Ha TPaHUII PO3LTY MIAPIB CTPYKTYPH, BUHUKAE OpErriBCchKe
BiIOMBaHHS, 10 3a0e3Meuyye OJHOYACTOTHUH PEKUM T'eHepallil, He3Ba)Karoud Ha MPOCTOPOBUH MPOBA
4epe3 CTOSYY XBHIIIO B AaKTUBHOMY CEPEIOBHIIIL.

[lomo Teopii ja3zepiB 3 PO3MOALICHHMM 3BOPOTHHM 3B’S3KOM, TO BOHAa JOCTaTHHO PO3BUHYTA Ta
BHBYEHA, KOJIM BUKOHYIOThCSI yMoBH Bperra mepiioro nopsinky [1-3], HaroMicTs aist yMoB bperra Bummmx
MOPAKIB (IPyroro, TPEThOro) CHTYallis IHIIA. 30KpeMa, OMHCAHO TEOPilo Ui aHai3y XBHICBOJHUX
Jla3epiB 32 BUKOHAHHS YMOB APYroro Mopsjaky [4], ajie BOHa CTOCYEThCS JIMIIEC aKTMBHUX XBUJICBOMIB 3
penbeHUMU TTIOBEPXHEBUMH TPaTKaMH; KpPIM LILOTO, MPEJCTABIICHHS TIOJNIB Y aKTUBHOMY XBHJICBOJII HE €
JOCUTH TIOBHUM. TaKoX TOJIS HEJOCTATHRO TPEICTABIICH] /Il XBUJICBOJIB 3 00’€MHHMH rpaTtkamu [5, 6],
BHACJIIIOK 40ro nepeadayaeTbCss BUPOMIHIOBAHHS JIMIIE 3 TOPIS XBHJICBOIY, a IiJ] MAJIUMH KyTaMH JI0
oceii x (ToOTO Maifke 1Mo HOpMaJi O XBHJIIEBOAY) Ta Z (TeHEpOBaHUI MyYOK MOIIMPIOETHCS B MiKIIAIIII)
BOHO TEOpi€l0 He nependaveHo.

Po3pobiiena Teopist MOMMUpPEHHS TUIOCKOT CyTO BiIOMBHOI XBWIII B MEPIOJUYHOMY CEPEIOBHIII 5K 3
MiJICHIIEHHSM, TaK 1 63 HhOr'o, Ta OTPUMaHO YMOBH T'eHepallil y pasi BUKOHaHHS yMOB Bperra npyroro ta
BHIIUX TOPSAKIB [7—9]. AJle mpsAMO BUKOPHCTATH IO TCOPIIO IS XBUJICBOIHMX JIa3epiB 3 PO3MOIUICHUM
3BOPOTHUM 3B’SI3KOM HEMOXKJIMBO, OCKLUTBKH HE 3p0O3yMIJIO0, SIK BU3HAYAIOTHCS IOJISI Ta CTajl XBUIICBOIHUX
MOJI TIJIAHAPHUX AKTUBHHUX XBUJICBOJIB.

Tomy meroro 1iei poOOTH € BUKOPHCTaHHS METOAY BH3HAUCHHS CTaJMX TMOMIMPEHHS MOJ 3a
HAsSBHOCTI 30ypeHHs, SIKe BU3HAYA€ThCA 3MIHOIO JIIENIEKTPUYHOI MPOHWKHOCTI XBWJIEBOJY B MpOIleci
HakadyBaHHs. B 1ilf poOoTi MOCHIKYIOThCS SIK TACHWBHI (JieIeKTpUYHA MPOHUKHICTH £(X) € AIHCHOIO
BEIIMYMHOI0), TaK 1 aKTHBHI (¢(x) HaOyBae ySIBHUX 3Ha4eHb) XBUJIEBOIM 0€3 HAsBHOCTI IPATKH Y CTPYKTYpi
Ta MOPIBHIOIOTHCS PE3YNIbTAaTH, OTPUMaHI IUM METOJIOM Ta METOIOM Ha OCHOBI niepeTBopeHHs Dyp’e [10].
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AHaJi3 XBUJIEBOJHUX MO/l MeTO/IOM 30ypeHHs1. XBUILOBE PIBHSHHS JUTS IUIAHAPHOTO XBUIICBOLY Y
BUIIQ/IKy HAMPSMY HANPYKEHOCT1 €JIEKTPUIHOTO MO B3JIOBXK OCi Y (BEKTOp HANPYKEHOCTI ENEKTPUIHOTO
MoJisl JIOKUTh B IUIOIIMHI, SKa MapajielibHa J0 IUIOCKOT MEKI PO3AULy [ICIEKTPUKIB 3 PI3HUMHU
MOKa3HUKAaMH 3aJI0MJIEHHSI, Tak 3BaHa TE nonsipusanis) mae Burisn [3]:

2 2 .2
E(x, z E(x, z
| (2 ), T (2 ) 2P0
x 1z SI %]
ne &(X, Z) — IieNIeKTpUYHA TPOHMKHICTh CEPEOBHUINA XBHIICBOMLY, SKa 3aJCKUTh JIUIIE Bil X, KOJIU Yy

(x,2)E(x,2) =0, (1)

XBUJICBOJII BIICYTHS IpaTKa. SIKIIO XBUJICBOIHA MOJIA MOIINPIOETHCS B3IA0BXK OCI Z, TO PO3B’SI30K IIYKAIOTh
Y TaKOMY BUTJISIII:

E(x z)=E(x)exp(-ibz), )
Ie B — cTaja HOIIMPEHHS XBHJICBOAHOI MOH, E(X) — Hanpy»KeHiCTh eNEKTPUIHOIO OIS, IO 3aJICKHUTH Bl
koopauHatu x. [Ticns migcranorku (2) B (1) orpumMyeMo:

2 2
dE_gx)ﬁéZ_pS e(x)E(x) =b’E(X). 3)
dx SI 7
JIs XBUJIEBOTHHX MOJ MAa€eMo 3ajauy Ha BIACHI YHCIia, TOOTO KBAJApaT CTAINX TOMHMpEHHS B, Ta
BiznoBinHi BracHi ¢yHkuii Ej(X) [3]. 3anexHo Big TOBUMHYM XBHIIEBOAHOrO miapy d Ta aieleKTpHYHOL
MPOHUKHOCTI &(X) MOXXEMO MAaTH pPI3HY KUIBKICTh CTaJMX IOMMPEHHS XBHJEBOAHWUX MOJ, SKi €
JIMCKPETHUMH 1 33JI0BOJIBHSIOTH TaKy YMOBY:

2 2
|—an <b; <|—pn1,

npuyomy N, £ N, <n, ae Ny, N; i N, — NOKa3HUKHU 3aJOMJIEHHS 3aXMCHOIO IIapy, IUIBKU Ta MiIKIaJKU

BIANOBIIHO; a00 JX XBWJIEBIJ € TPATIEHTHHM 1 TOMI JiCJICKTPUYHA MPOHUKHICTH 3aJIeKaTUME Bia
KOOPJMHATH X 32 TICBHOIO (PYHKIIIOHALHOIO 3aJIEXKHICTIO.

B niBiit yactuni piBHgHHS (3) MaeMo epmiToBHid ornepatop (&(X) — milicHy (yHKIi0), ToMy cTaii
NOIIMPEHHs € AificHuMM, a BiacHi ¢yHkuii Ej(X) aGcomoTHO iHTerpoBani B mpoctopi L,, a Takox
oproroHanbHi. Jlng anamizy MoxHa 3milicHUTH HopMyBaHHS (yHkuiii Ei(X), tum camum OynyTth
BUKOHYBATHCSl YMOBHU:

OE; (X)E,(x)dx=d, . “4)

e " 03HAYa€ KOMILIEKCHE CIPSDKEHH, d;m — cuMBon KpoHekepa.

Sxmo &(X) — cumerpuyHa GyHKLiA, To po3B’s3ku Ej(X) Oynyts abo cumerpuunumu Ej(X) = E(—X),
abo antucumerpuunuMu Ej(X) = —E(—X) ¢yHxuismu. SKmo XBHIEBi HECUMETPUYHHH, TO yMOBa OO
posnoainis nomiB Ej(X) mopyyeTses, ajne 3aBXIU BUKOHY€ETbCs yMOBa (4).

PosrisiHeMo TutaHapHUH XBHIIEBIN, TieTEKTPUYHA IPOHUKHICTD SIKOTO OIMUCYETHCS BUPA30OM:

e(x) =e,(x)+e(x), (5)
ne g(x) 1 g/(x) — crana i 3MiHHA KOMITOHEHTH JieJIEKTPUYHOI POHUKHOCTI, TpuiIoMy €;(X) Moxke OyTh
ySIBHOIO BenuuuHOK. KpiMm 1boro, crpaBeminBoo € ymoBa: |€(X)| << gy(X). Hexait y Bumamky, KoJu
€(X) = gy(X), BiIOMi Bci cTani MOMMPEHHS [ XBHJIEBOJHUX MOJ, a TaKOX BiAMoBimHi mosst Ep(X), ski
OPTOHOPMOBAHI Ta 33JI0BOJIbHSIOTH XBUJIbOBE PIiBHSAHHSA (3).

SKmo gieneKTpruuHa MPOHUKHICTE 330BONBHSIE BHpa3 (5), TO pO3B 30K XBUIHOBOTO piBHSHHS (1)
MOXKHA MOJIATH Y BUTJISI JiHIMHOT KOMOiHAIiT po3B’s3KiB piBHAHHSA (3) Tak:

E(x):“é; £, (x) A, (2)exp(-ib,2). ©)

ne An(2) — amIutiTyna BiAIIOBIAHMX XBHJICBOAHUX MOJ, M — KiJIbKICTh XBUJICBOAHHUX MO,
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[MixcraBusum (6) B (1), oTpuMaemo:

B1TE0 5 (exp(-ib,2)+ £, () T2 esp(- i, 2)-

mof X 1z
-2imem(X)%z(z)exp(- ib,z)- b2 E, () A,(z)exp(-ib,z) + (7)
aélpo

+208 ¢ (), () A, (2)exp(-10,2) +Z22 e (x) . (x) A, (2)exp(- 0,2y =0
g p

CyMa mepmioro, 4eTBepToro Ta I’sSTOro JOJAHKIB Y (IrypHUX TY)KKaX JOPIBHIOE HYIIO, OCKLTBKH
BOHH 33JI0BOJIbHSIIOTH XBHJILOBE PiBHSHHS (3). Sk HacHioKk, MaeMO piBHSHHSI, B SIKOMY 3aMiHUMO YaCTKOBI
IIOXI1JH1 Ha ITOBHI:

aiE( )L o (-i0,72) - 200, () LDy - i,2)
+?—p?2el(x)Em(x)An(z)exp(-ibmz)yzo_
° P

[TOMHOXXMMO OCTaHHE PIBHSHHS Ha (DYHKIIIIO PO3IOALIY IOJIs, KOMIUIEKCHO-CIIPSDKEHY 10 Eqn(X), a
came Ep*(X), Ta MPOIHTErpyeEMO HOro B MeXax Big X=-00 M0 X=co. BpaxoBylOuH OpPTOHOPMOBAHICTH
bynxkuiit En(X) 1 Ey(X), orpumaemo:

d _ ;1 .
A“( ?) exp(-ib,2) +k*q km,pAp(Z)exp(-lpr)ZO, (8)

p=l

exp( ibmz) - 2ibmdA“T(z)

¥
ne k=2p/1, K, = OEn(X)& (x) E, (x)dx.
¥

B piBHsHHI (8) BUKOHAEMO 3aMiHy 3MIHHUX:
A, (Z) =B, (Z) exp(ibmz) ,
SIKY IiJICTABHMO B 1[I0 PiBHICTh, BHACIIJJOK YOTO OTPHMAEMO:

d Bm+2b B, b B, +2b.B, - 2ib %+kza KmpBp =0-
dz’ dz dz o1

[Ticnst 3BeIeHHS MOMIOHUX WICHIB B OCTAHHBOMY piBH;[HHi OCTaTOYHO MaTHMEMO:

ddB”‘+sz +k2ak B,=0. ©)
z

p=1
Cucrema piBHSIHb (9) BpaxoBye IIMIIE HaNpaBieHI MOJIM, SIKMM BilIIOBigA€ JUCKPETHHU CIIEKTP

CTaluX TOIIMPEHHS, TOMY I CHUCTeMa piBHSHb € HaOIMKEHOI0, MPOTE B MEBHUX BHIAJKAX MOXKHA
oTpuMaTH TouHi po3B’si3ku. 11[06 oTpuMaTy TOYHY CHCTEMY piBHSHB, OTPIOHO B PiBHOCTI (6) H0AATKOBO
BpaxyBaTH TAaKOXK MOJIM XBHJICBOILY, IO BUTIKAIOTh, SIKi MalOTh HEMEPEPBHUN CIIEKTD.

I[puxaagm 3HAXOMKEHHS CTAJMX NomUpeHHs. [IpoaHanizyeMo OTpHMMaHMH BHpa3 3TiIHO 3
dopmyroro (9). Skmo €(X) € MOCTIHHOI BEIMYUMHOIW, TO CHUCTeMa piBHAHBL (9) posmagaerbes Ha M
HE3aJISOKHUX PIBHAHB, SIKI MalOTh BUTJISII

d’B
™ +b’ B, +k’eB,=0. 10
dz* &= (10)
BignoBiaHuii po3B’s30K MOXKHA 3aIIMCATH TaK:
B, (X) =C,,exp(-ib¢z) +C,, exp(ib¢z), (11)

ac

b, =b% +Kk%, . (12)
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[psiMa nepeBipka MiATBEPXKYE IIi CIIBBIIHOIICHHS, HABITh KOJH € € YSIBHOIO BETUYNHOIO, IPUIOMY
i cmiBBimHOIIEHHs TouHi. Hexal ToBmmHa axkTuBHOrO mapy d= 10 MKM, MOKa3HHKH 3aJOMJICHHS
XBUJIEBOIHOI cTpykTypu Ny = 1.5177, ny=n, =1.515, a cTpyKTypa OCBITJIIOETHCSA XBHJICIO 3 JOBIKHHOIO
A=0.6201 mxm. Tomi cranmi HOMMpPEHHS sl TAKOrO XBHJIEBOAY JOPIiBHIOITH: Po= 15.375997 mxm™,
B =15.369681 mxm™, B, = 15.359818 mxm™.

Sxmo € =0.1, To cranmi MOMMpPEHHs, SKi pOo3paxoBaHi METOJOM Ha OCHOBI meperBopeHHst Dyp’e
[10], cranoBmsits: Blo = 15.706308 mxm™, B'y = 15.700125 mrm™, ', = 15.690469 MxM™'; cTaii mommpeHHs,
pospaxoBani 3a ¢opmynoro  (12), Bimmosimro: P'o=15.706308 Mrm”, PB'; = 15.700124 mxm,
By = 15.690468 mMxm ™. BaunMo 100pe HAKIAJAHHS CTATHX TOMMPEHHS, PO3PAXOBAHMX 00OMa METOIAMH,
€ JIUIIIE PI3HUIS B OCTAHHIX PO3pSAIaxX CTaJHUX MMOMMPEHHS, 10 BUHUKAE 33 PaXyHOK 3a0KPYTJICHb.

Sxmo g =1i0.1, To craji HOMHKpPEHHs, po3paxoBaHi 000Ma METOIAMM, BiIMOBIAHO IOPiBHIOIOTH:
Blo=15.379619 +i0.333780 mxm ™', B'; = 15.373308 +10.333917 mxm™', B> = 15.363451 +i0.334413mxm™;
Blo=15.379619 +i0.333780 mxm™', B', = 15.373307 +i0.333916 Mxm™, B, = 15.363453 +i0.334414mxm .
Crocrepiraemo A00puii 30ir pe3yibTaTiB, OTPUMAaHKUX JIBOMa METOIaMHU.

SKmo y Hac € CHMETpUYHUI XBHIIEBiN, TOOTO, €(—X) = &(X) 1 €;(—X) = &(X), TO cucremMa piBHAHb
pO3MAaJaeThCs HA JIBI MIJCUCTEMHU: CHCTEMa PIiBHSHB, PO3B’S3KOM SKHX € CUMETpu4Hi QyHKmii E(x), Ta
CHCTeMa PIBHSIHB, SKY 33JI0BOJBHSIOTH aHTHCHMETPHYHI PO3B’SI3KH.

Y BUNAAKY HECHMMETPHYHOI'O XBHJICBOAY CHTYallisl CTa€ 3arajilbHOK0 1 HOBI CTaji IOIIMPEHHS
MOTPiOHO IIYKAaTH Ha OCHOBI CUCTEMH PiBHSIHB (9), TOOTO 3HAWTH BIACHI 3HAYCHHS BiIMOBIIHOI MaTpPHILi
Q, sKa TOpiBHIOE:

abé 0 0 06 6¢(2k0’0 kzko’1 kzko’2 k2k0’36
Q _go b12 0 0 ;+gk2kl,0 k2k1,1 k2k1,2 k2k1,3;
¢o 0 bl 07 Skk,, Kk, Kk,, Kk,;~*
gO 0 0 b§5 gkzkw k2k3,1 k2k3,2 k2k3,3;

1€ Kmp B 3aTaJIbHOMY BUIIAJIKy MA€ BUTIIST
¥
Kmp = OEn(X)e (x) E, (x)dx.
-¥
3a3Ha4UMO, 1O [Kmpzm << [Kmm| 1 |€1(X)| << 1. BigmoBizHO 10 nMX yMOB, Ha OCHOBI piBHAHHS (13)

by, » /02 + KK - (14)

Sxmo toBuHa MaiBkd d= 10 MKM, JOBKHMHA XBWJI BuIpoMiHioBaHHS A =0.6197 MkM, a

) (13)

MOKHA 3HAWTU HAOIMKEH] 3HAUECHHS:

MOKAa3HUKH 3JIOMJICHHSI CTPYKTYypH Ny = 1.5177, ny =, = 1.515, To crani nommpeHHs i He30ypeHoro
XBHJIEBOIY CTAHOBIISTH: Po = 15.385924 mxm™, By = 15.379610 mxm ™, B, = 15.369749 mxm ™.

10, x<-d/2,
SAxmo e, (x) :%i0,001, -d/2£x£d/2, TO TOYHI 3HAYEHHS CTAIMX MOLIMPEHHS JOPiBHIOKOTH:
1o, x>d/2,

B'o=15.385921 +i0.003292 mxm™', B'; = 15.379593 +i0.003129 mMxm™, B = 15.369689 +i0.002736MKMm .
Crani mommMpeHHs, po3paxoBaHi 3a BupazoMm (14), BiamoBigHO gopiBHIOWOTH: ['o= 15.385924 +
+10.003292 mxm™, By = 15.379614 +i0.003127 mxm™', B> = 15.369749 +i0.002729 mkm ™. Baunmo, 1o y
I[OMY BHITQJKy TAKOX 3aJJOBUIbHE HAKITaJaHHS 3HAYCHb CTAIHMX MOMIMPEHHS, PO3PAXOBAHUX TOYHUM Ta
HAOMIDKEHUM METO/IaMU. 3a3Ha4MMO, [0 YsSBHI YacTUHH JiCNIEKTPUYHOI TPOHUKHOCTI CIIBMIpHI 3
BenmunHO 0.001 y pa3i BUHUKHEHHS TeHeparlii B cyTo BigOMBHiM rpatii [11].

BucHoBku. Po3risHyTa Teopis Ajis aHadi3y aKTMBHHMX IUTAHAPHUX XBHJICBOIB, 3MaTHHUX IIiIACHIIIO-
BaTH BBEICHE BHMIIPOMIHIOBaHHS, METOMOM 30ypeHHs. I[uM MeToqoM, a TakoXK METOJOM Ha OCHOBI
neperBopeHHs Dyp’e 3HANICHO CTalli MOIIMPEHHS IS CUMETPUYHHX Ta HECUMETPUYHHMX XBHJICBOJIB.

241



[NopiBHSHHSA pe3yJbTATIB Jla€ MiJCTABH CTBEP/XKYBAaTH IPO HEBEIUKY MOXHOKY B OOYMCICHHSX. 3a
BpaxyBaHHS JIMIIE XBHJICBOJHHX MOJl METOJ € TOYHHM B OKPEMHUX BHUIAJIKaX, MPOTE 332 HEBEIUKOIr0
30ypeHHSs, HassBHOT'O B MPAKTUYHHUX 3aCTOCYBAaHHSX, HOTO TOYHICTH € 3aI0BUILHOIO JUIS BCIX BHUIIAJIKIB.
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